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(54) A voltage controlled oscillator circuit 

(57) The invention relates to a method for tuning the 
frequency, particularly the medium frequency, of a volt- 
age controlled oscillator (VCO). The medium frequency 
of a VCO is tuned by controlling the voltage by means 
of a microprocessor (2), an analog/digital converter (7) 



and a digital/analog converter (6). By using the inven- 
tion, it is also possible to compensate for frequency drift 
of the VCO circuit due to the temperature without having 
to measure the temperature separately. The method is 
applied favourably in different types of mobile tele- 
phones. 
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Description 

This invention relates to a circuit and method for 
controlling the output frequency of a voltage controlled 
oscillator, arid particularly but. not exclusively for use in 
radio telephones. 

In generating frequency signals in radiotelephones 
sometimes termed mobile telephones, frequency syn- 
thesizing in a phase-locked loop is used at present. 
These frequency signals are, for example, the frequen- 
cies of the local oscillator of the .receiver and the trans- 
mitter signal. Fig. 1 shows a typical block diagram of a 
frequency synthesizer 10 of a mobile telephone as an 
example. In the block diagram, an integrated synthesiz- 
er circuit (Synth. IC) which is marked with the reference 
number 3 includes necessary dividers and a phase com- 
parator to allow respective output frequencies to be re- 
alised, i 

A temperature compensated crystal-driven oscilla- 
tor 1 (TCXO) operates as a reference oscillator produc- 
ing a reference frequency fref to which an output of a 
frequency synthesizer, defined as the frequency signal 
fosc, is locked. A microprocessor 2 (uP) which in this 
case is also controlling other functions Of a mobile tele- 
phone, is responsible for generating respective dividing 
numbers for a desired radio telephone channel, and the 
microprocessor feeds the dividing numbers along a data 
bus to an IC-circuit 3. A synthesizer circuit, which is a 
comparison circuit, compares the output frequency fosc 
divided by the first dividing number with the reference 
frequency f ref divided by the second dividing number 
and generates a control signal se as a result of the com- 
parison. The output of the synthesizer circuit 3, that is 
the control signal se, is conducted via a low pass filter 
4 to a voltage controlled oscillator 5 (VCO). The output 
signal of this oscillator constitutes at the same time the 
output frequency f osc of the frequency synthesizer cir- 
cuit. The output frequency is also transferred to the IC- 
circuit 3 as a feedback signal as shown in Fig. 1 . 

When fosc * TCXO or ^ * ie the oscillation 
frequency output from the phase locked loop is not the 
desired frequency, the phase difference between fosc 

TCXO 

and the desired frequency (— r — ) will vary with time (Se 
(t))- 

The filtered signal S'e(t) having passed through the 
filter 4 forces the VCO to change frequency in the direc- 
tion that reduces the difference between the desired fre- 
quency and the divider output frequency. As the two fre- 
quencies are typically arranged to be close, S'e(t) forces 
the two frequencies to become equal at which point the 
signal S'e(t) tends to a constant voltage level represent- 
ative of a constant phase difference between the output 
and input signals. The constant voltage is at the level 
required to drive the VCO at the desired frequency. 

The self correcting ability of the phase locked loop 
(PLL) allows it to track frequency changes in the VCO 
output that result from, for example, component operat- 
ing parameters that vary with temperature. The range 



of frequencies over which the PLL can remain locked to 
an input signal is know as its 'lock range'. It's 'capture 
range' which is smaller than the lock range is the range 
of frequencies over which the loop can achieve a lock 
5 to a particular frequency. 

In a voltage controlled oscillator circuit 5 of the type 
shown in Fig. 1, usually some kind of method for tuning 
the medium frequency must be used to eliminate the ef- 
fect of component tolerances in allowing the lock and 
10 capture ranges to differ from those required for the VCO. 
, Mechanical means such as trimmer capacitors and 
modifying the mechanical dimensions of the resonator 
are known as well as electrical means, for example, in- 
volving tuning methods based on using capacitance or 
is p-j-n diodes. In cases like these, the tuning must be ac- 
complished either by the component manufacturer, for 
example, by using VCO module manufacturer. When an 
electrical device, for example a mobile telephone, is 
equipped with a VCO which is made in telephone pro- 
duction from discrete components, tuning is best ac- 
complished during the final test procedure. Mechanical 
tuning is known to be awkward and time consuming. 

One electrical tuning method is known, for example, 
from US-patent 4,810,9,74. In it, an analog/digital con- 
verter is used to correct for drift in a VCO circuit. How- 
ever, this patent does not deal with tuning the medium 
or mid frequency of the VCO. In addition, in the above 
mentioned US-patent, a feedback loop is not closed in 
actual terms but the frequency is corrected and com- 
pensated periodically by feedback assessment of data 
In accordance with the present invention there is 
provided a circuit for controlling the output frequency of 
a voltage controlled oscillator, comprising means for 
providing a reference frequency; means for comparing 
the output of a voltage controlled oscillator with the out- 
put of the means for providing a reference frequency 
and providing a first control signal indicative of a differ- 
ence therebetween; a processor operable to provide a 
second control signal; and means for combining the first 
and second control signals to provide a combined con- 
trol signal, the output frequency of the voltage controlled 
oscillator being responsive to the combined control sig- 
nal; the processor being operable to control the value of 
the second control signal for regulating the value of the 
first control signal. 

Other favourable embodiments have been present- 
ed in non-independent patent claims. 

By providing a combined control signal to the volt- 
age controlled oscillator, the value or level of the first 
control signal can be regulated by the level of the second 
control signal. This allows the absolute voltage level of 
the first control signal to be maintained within predeter- 
mined limits. The predetermined limits can be chosen 
to coincide with the maximum and minimum dc voltages 
suppliable to the circuit. 

The circuit is preferably adaptable to allow respec- 
tive output frequencies to be provided. This allows the 
circuit to be used in, for example, a radio telephone that 
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